Background -Determination of fecal calprotectin can provide an important guidance for the physician, also in primary care, in the differential diagnosis of gastrointestinal disorders, meanly between inflammatory bowel diseases and irritable bowel syndrome. Objectives -The aims of the present study were to prospectively investigate, in Brazilian adults with gastrointestinal complaints, the value of fecal calprotectin as a biomarker for the differential diagnosis between functional and organic disorders and to correlate the concentrations with the activity of inflammatory bowel diseases. Methods -The study included consecutive patients who had gastrointestinal complaints in which the measurement levels of fecal calprotectin were recommended. Fecal calprotectin was measured using a Bühlmann (Basel, Switzerland) ELISA kit.
INTRODUCTION
Calprotectin is an abundant calcium and zinc-binding protein predominantly present in the cytoplasm of cells involved in pathogen defense, such as neutrophil granulocytes, monocytes, and macrophages. Calprotectin shows bacteriostatic and fungistatic properties in vitro, which underline its function in pathogen attack. In neutrophil granulocytes, it accounts for as much as 60% of the cytosolic protein (1, 7) .
In concert with C-reactive protein (CRP), erythrocyte sedimentation rate (ESR), and stool culture, the measurement of fecal calprotectin (FC) may be useful as a screening test in all subjects reporting gastrointestinal problems (such as abdominal pain, diarrhea, and bloating) very frequent and common to several diseases (14, 15, 25, 33) . FC presents characteristics that permit to discriminate between inflammatory and noninflammatory disorders (5) . A negative result in a patient without alarm symptoms could avoid endoscopy (3-fold in adults and by 35% in children and adolescents), whereas a positive result can prioritize invasive and expensive procedures such as endoscopic examination and intestinal biopsies (14, 30) . Determination of FC can provide an important guidance for the physician, also in primary care (19) , in the differential diagnosis of gastrointestinal disorders, mainly between inflammatory bowel diseases (IBD) and irritable bowel syndrome (IBS) (3, 10) .
FC also may be valuable in determining whether clinical symptoms in patients with known IBD are caused by disorder flares or noninflammatory complications, underlying IBS (2) , and in providing objective evidence of response to treatment (10) . Patient's symptoms can be an important indication of inflammation and disease activity but are subjective and may be influenced by other non-inflammatory features of the disease such as intestinal strictures or bile salt malabsorption. Activity indexes are cumbersome to use in clinical practice and still rely heavily on subjective patient symptoms (10, 23) . Serological and hematological tests don't always correlate well with symptoms and activity indexes. Imaging studies are useful in localizing intestinal inflammation but are not cost-effective, have suboptimal sensitivity and/or specificity, can be invasive or can expose the patient to ionizing radiation (13) . Thus, a simple, rapid, sensitive, inexpensive, noninvasive biomarker to detect and monitor intestinal inflammation in IBD is needed. FC may present these characteristics (10) . Additionally, FC measurement can minimize the number of false-positive results and reduce the number of unnecessary biopsies (31) .
The level of calprotectin in feces is approximately six times higher than that in the serum. This makes stool testing more sensitive, in addition to the higher specificity for intestinal diseases (25) . Abdominal discomfort is a common cause of consultation in primary care and gastroenterology departments and presents a clinical challenge even for experienced physicians (19, 31) . Recently, Kopylov et al. (11) published a review article concerning the clinical utility of fecal biomarkers, including calprotectin, for the diagnosis and management of IBD. There is scarce information about the use of this test in Brazilian patients (18, 32) .
The aims of the present study were to prospectively investigate, in Brazilian adults with gastrointestinal complaints, the value of FC as a biomarker for the differential diagnosis between functional and organic disorders and to correlate the concentrations with the activity of IBD.
METHODS
This study was approved by local Ethics Research Committee and all patients signed a written consent and were followed at the Gastroenterology and Colorectal Surgery units of Cajuru University Hospital, Catholic University of Paraná, Curitiba, Paraná, Brazil, and associated private practice.
The study included consecutive patients who had gastrointestinal complaints in which the measurement levels of FC were recommended. All the patients included in this study were attended in specialist service consecutively.
FC was tested on the same day when the fecal samples were obtained. The fecal samples were tested using a Bühlmann (Basel, Switzerland) ELISA kit. After a short extraction procedure using 50 mg of feces and 2.5 mL of extraction buffer, the selective measurement of FC by sandwich ELISA was performed. A monoclonal capture antibody specific to FC heterodimeric and polymeric complexes is coated onto the microtiter plate. Calibrators, controls and patients extracts diluted 1:50 were incubated at room temperature for 30 minutes. After a washing step a detection antibody conjugated to horseradish peroxidase was added. After incubation and a further washing step, tetramethylbenzidine was added, followed by a stopping reaction. The absorption was measured at 450 nm with Bio-tek Instruments, Inc. ELX 800 (USA). In according with manufacturer instructions, values below 50 µg/g are not indicative of inflammation in the gastrointestinal tract. Levels between 50-200 µg/g are considered undetermined and suggestive of repeating measurement and performing further investigations. Values above 200 µg/g are indicative of active organic disease with inflammation of the gastrointestinal tract.
Patients were diagnosed as IBS according to Rome III criteria (23) ; CD and UC were diagnosed by clinical, imaging, endoscopic and histological findings (12) . The activity of IBD was classified in remission, mild, moderate or severe activity according to Physician Global Assessment (PGA) (22, 27) . In the PGA criteria, patients who had no abdominal pain, blood in stool, severe diarrhea and no palpable mass, without leaks, no weight loss and laboratory tests without changes, were classified as in remission. Patients with mild abdominal pain for several times a week, diarrhea and blood in stool in small amounts or infrequently, active fistula and weight loss, but without abdominal mass and laboratory tests without changes were classified in mild activity. Clinical signs of moderate abdominal pain, significant fatigue maybe secondary to IBD, active fistula or perianal disease, a significant weight loss and increased presence of abdominal tenderness or small abdominal mass occur in patients with moderate activity, besides, anemia, hypoalbuminemia and elevated inflammatory markers. Finally, the ones with severe disease activity had significant abdominal pain, severe and/or nocturnal diarrhea, inflammatory aspect and bleeding secondary to IBD, severe fatigue, impairment of daily activities, active fistula or other perianal features, significant weight loss and abdominal mass. In addition to that, anemia, hypoalbuminemia and elevated inflammatory markers were also observed in these patients. Due to the reduced number of cases, the patients were classified in remission/mild disease or with active disease (moderate/severe disease). The miscellanea group was diagnosed and confirmed by appropriated conventional tests.
Data of these populations were compared using Fisher and chi-squared tests for nominal data and Mann-Whitney test for numeric data. Central tendency was expressed in median and interquartile range (IQR). Calculation was done with the software Graphpad Prism version 4.0 and the adopted significance of 5%.
RESULTS
A total of 279 patients were included in the study, with median age of 39 years (range, 18 to 78 years) ( Table 1 shows the demographic data of the studied patients and the detected levels of FC.
A significant difference (P<0.001) was observed between the median value of FC in IBS group that was 50.5 μg/g (IQR=16 -294 μg/g); 405 μg/g (IQR=29 -1980 μg/g) in CD patients and 457 μg/g (IQR=25 -1430) in UC patients. No difference was observed between the values found in the patients with CD and UC. Levels of FC were significantly lower in patients with IBD in remission when compared with active disease (P<0.001). Figure 1 shows the levels of FC in patients with IBS and IBD and also the correlation concerning the activity of the inflammatory disorder.
The FC levels of the miscellanea group of patients are as follows: mesenteric angina 830 μg/g; celiac disease, IQR=78 -253 μg/g; lymphoma, 1370 μg/g; diverticular disease, IQR=38 -519 μg/g; and acute intestinal infections, 1170 and 1274 μg/g.
No difference in the FC levels was observed in comparing gender or age in the studied patients.
DISCUSSION
Inflammation is characterized by an increased activity of immune cells, which releases pathogen-attacking substances such as calprotectin. In intestinal inflammation, the barrier function of the intestinal wall is compromised, and neutrophil granulocytes migrate through the wall into the intestinal lumen. This leads to elevated calprotectin levels in the stool (31) . The level of FC correlated directly to the number of neutrophil granulocytes in the intestinal lumen. However, FC is specifically elevated in IBD, such as CD and UC, and in smaller extent in other entities (neoplasias (20) , polyps, and diverticular disease (29) . Jensen et al. (9) , reported that FC is equally sensitive in CD, affecting both small bowel and colon. These correlations also make FC a specific and sensitive marker in indicating intestinal inflammation (26, 31) .
The medium levels of FC concentration in healthy adults were reported by several authors: Thjodleifsson et al. (26) referred 20 μg/g in 163 individuals; Poullis et al. (20) , 27 μg/g in 320 cases; and Roseth et al. (21) , 30 μg/g in 124 individuals. In the present investigation, 154 IBS patients had median levels of 50.5 µg/g (minimum 16 µg/g and maximum 294 µg/g), in accordance to the previously referred studies.
In relation to FC levels in IBD patients, Vieira et al. (32) , in a single study conducted in Brazil, showed mean levels of 686 μg/g (range, 52.9 to 2542.8 μg/g) in patients with IBD, not specified. In our study, the median concentration of calprotectin for CD was 405.0 μg/g, and that for UC was 457.0 μg/g, both significantly increased as compared to the IBS group (Table 1, Figure 1 ), distinguishing IBD from functional gastrointestinal disorder as reported by Manz et al. (15) However, it is still not possible to recommend the use of biological markers for the diagnosis of IBS. Although the results showing statistical significance in the sample studied, is necessary emphasize the importance of clinical diagnosis of IBS through Rome III criteria (23) . Additionally, determination of FC in CD could distinguish remission/mild activity (126 μg/g) from moderate/severe (979.5 μg/g) and in UC remission/ mild (136.0 μg/g) from moderate/severe (1067.0 μg/g) disease.
There were no differences between the two IBD studies as a whole or in relation to activity. The similar levels of FC between IBS and both IBD groups when in remission was noteworthy (Figure 1 ). These data are in accordance with those of the authors from different countries (15, 24) , deducing that IBD in Brazil can be similar unless different environment factors could play a role. Naismith et al. (17) , using the largest prospective dataset in the literature, provide evidence that adults with quiescent CD with an FC level below 240 μg/g are unlikely to relapse within 12 months. Thus, this level could become a therapeutic target for physicians treating CD patients who are in clinical remission when attending the outpatient clinic (28) . Therefore, FC determination can also be used to predict flares of IBD (6, 8) . Our results are in accordance with this report, as both CD and UC in remission expressed inferior levels (lower than 127.6 μg/g and higher than 209.5 μg/g for DC; lower than 108.6 μg/g and higher than 230.2 μg/g for UC) ( Table 1) .
FC should not be thought to be a marker of organic disease: rather, it is a marker of neutrophil intestinal inflammation (4) . This fact was demonstrated in two cases of intestinal infection in the present research. Many common organic intestinal diseases, such as celiac disease (16) , diverticular disease (29) , colorectal carcinoma (20) , microscopic colitis, and allergic colitis, are not uniformly characterized by significant neutrophil infiltrate, so FC can be detected but in levels lower than those in IBD (25) . The findings of the patients from the miscellanea group corroborated this fact.
Therefore, a negative FC test should not be interpreted as a clean bill of intestinal health but rather as the absence of significant neutrophilic intestinal inflammation. This will be most helpful in differentiating patients with IBD from those with IBS and also in determining whether clinical symptoms in patients with known IBD are caused by disease flares, noninflammatory complications, or underlying IBD (2, 10) . Because FC concentration has been shown to correlate with endoscopic and histological inflammation in IBD, it could be a useful marker with which to follow response to treatment (13, 21, 33) . The results of the present study suggest that the test be used as a guide to evaluate the efficacy of the treatment in each case, and monitor tightly the disease course, as referred by Kopylov et al. (11) It is important to inform that laboratories should be aware of the lack of the assay standardization, as demonstrated by the between-assay variability by Whitehead et al. (34) Different results can be obtained when using commercial kits. In our experience, FC had the same critical steps as extraction, affinity of monoclonal antibody, and calibrators that can influence the sensitivity and/or specificity of tests.
In summary, the present study showed that the determination of FC assists to differentiate between active and inactive IBD and between IBD and IBS.
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